Ultrasonic nondestructive evaluation is a valuable technique for finding defects in aircraft structures. It can detect unbonds, corrosion damage and cracks in various aircraft components. Ultrasonic nondestructive evaluation techniques interrogate materials with high frequency acoustic energy. A piezoelectric transducer generates acoustic energy and converts returned acoustic energy into electrical signals which can be processed to identify the reflector. The acoustic energy propagates through the component and is reflected by abrupt changes in modulus and/or density that can be caused by a defect.
image of the cross section of the component. By fusing the C-scan information with the B-scan information a three dimension image of the internal structure of the component can be produced. The three dimensional image can be manipulated by rotating and slicing to produce the optimal view of the internal structure. Visualizing defects in three dimensions aids the interpretation of the severity of defects and helps confirm the need to repair or replace components.
INTRODUCTION
Ultrasonic nondestructive evaluation is a powerful tool for finding defects and measuring material properties. In ultrasonics, high frequency acoustic energy is propagated into the component by a piezoelectric transducer and any abrupt acoustic impedance change will reflect part of the sonic energy. This reflected sound energy is sensed by a transducer and converted into an electrical pulse. The amplitude of the electrical signals are related to the defect size and the time of flight of the signal provides depth information. Raster scanning a focused ultrasonic transducer over the part generates a high resolution image of the reflector which provides information such as shape, depth and density of the reflector. Traditional ultrasonic imaging is based on either X and Y scanning, or X scanning with Z information provided by time of flight measurements. The reflector can be further accentuated by color coding the amplitude of the acoustic reflection from the defect. The X and Y scanning generates a plan view, and X or Y with depth scanning produces a cross sectional view. These two methods can be combined by capturing all the available information in the acoustic signal and processing the data into a three dimensional image of the reflector. Three dimensional images are much easier to interpret since they display size, shape, location, and orientation in a single picture. Additional image processing can provide slices, rotation, transparent surfaces, and enlargement to further aid defect characterization.
BACKGROUND
Aircraft inspectors must make decisions based on the results of ultrasonic nondestructive evaluations. Displaying the ultrasonic results in a form that is complete and easily interpreted is important. Ultrasonic results are routinely displayed as planar (C-scans) and/or cross-sectional (B-scan) views. Planar views display size, shape, and location of the reflector in the x and y plane. For example, an ultrasonic surface wave scanning technique to image small cracks perpendicular to the surface has been developed. This technique will sense cracks that are within one acoustic wave length beneath the surface. Cracks propagating in any direction will be imaged with a single ultrasonic C-scan. Figure 1 displays an enhanced image of a crack extending from a rivet in an aircraft skin specimen. Another example of ultrasonic imaging is shown in Figure 2 which displays adhesive bond quality in an aircraft type lap joint. The cross-sectional view displays size, shape, and location of the reflector in the x or y and the z plane. Combining the two views and implementing special processing algorithms allows the ultrasonic data to be displayed in three dimensions. Once the results of the ultrasonic evaluation are in a three dimensional digital format, extensive software can be implemented which will rotate and slice the 3-D image to visualize the defect in any orientation. Thus the inspector can quickly and easily see the defect and decisions regarding remediation of the component can be based on complete information about the flaw.
DATA ACQUISITION SYSTEM
Three dimensional images of ultrasonic evaluations depend on computer based scanning and digitized data acquisition. Each volume element in the three dimensional array represents an X, Y, and Z coordinate and an amplitude measurement of the reflector. X and Y information is determined by scanner location. Z information is calculated from the time of flight and the velocity of sound in the material. Amplitude or reflector strength is extracted from the digitized wave forms and stored as byte information. All of these calculations and measurements are performed by the computer.
An acoustic microscope (see Figure 3 ) was modified to capture full radio frequency (R-F) wave forms. Most ultrasonic imaging is based on the peak amplitude of the reflector. The acoustic microscope accurately scans the ultrasonic transducer over the component storing digital location information. A digitizing oscilloscope or an analog to digital converter then captures the full radio frequency wave form (see Figure 4) and stores it along with the location information. Time of flights and amplitudes are calculated from the stored R-F wave forms and combined with location data to generate a four dimensional matrix (X, Y, Z, and amplitude). The time of flight determines the depth of the reflector and the amplitude is related to the strength of the reflector. From the information in the matrix, a three dimensional image is constructed on a workstation.
Fast computers and large storage devices are necessary to generate and manipulate three dimensional ultrasonic images. For example there may be 1000 X coordinates, 1000 Y coordinates and 1000 Z coordinates for a total of iO elements in the position matrix. This represents one gigabyte of information to be stored and processed. Data compression routines are desirable to efficiently handle the large amount of information and for archiving the data.
S. RESULTS
Three dimensional ultrasonic imaging was demonstrated by scanning a test sample which was made by trapping porosity in an epoxy resin which might represent an adhesive bond, see Figure 5 . Theair bubbles serve as excellent ultrasonic reflectors and are distribute randomly through out the epoxy volume. Full ultrasonic wave forms were captured at each location in the raster scan, therefore x, y, and depth information was retained, as illustrated in Figure 6 . This data was processed by a computer algorithm developed at Lawrence Livermore National Laboratory to construct a three dimensional image of the gas bubbles in the resin.
Traditional images were generated on the test sample to demonstrate the advantages of three dimensional ultrasonic imaging, First the standard planar view called an ultrasonic C-scan, was generated as shown in Figure 7a . The planar view is a two dimensional picture of the bubbles with no depth information. Figure 7b is an ultrasonic B-scan which displays a crosssectional view along a single x or y line. The B-scan is also a two dimensional display. Displayed in Figure 8 is a series of views which illustrate the power of visualizing the data in three dimensions. A video tape was made showing the three dimensional cube of ultrasonic data mtating. The motion aids the interpretation by displaying the defect revolving inside the component.
CONCLUSIONS
Three dimensional visualization of ultrasonic results is a method for representing large volumes of information in an easily interpreted manner. Unlike planar and cross sectional views, three dimensional images clearly display defect size, shape, location, and orientation in a single picture. This picture can be processed and manipulated to enhance the visualization of embedded defects. For example the object can be rotated and/or sliced to see the defect at any angle.
To produce three dimensional images, large amounts of ultrasonic data must be captured and processed. Fortunately computer systems are improving rapidly. They are continually shrinking in physical size and cost. Recently designed CPUs can process data at astounding speeds and the storage devices can hold extremely large amounts of data. For example a 1000 by 1000 raster scan with a 1000 point R-F wave form capture will generate a one gigabyte data set. The large amount of data to be stored and processed in three dimension ultrasonic imaging will benefit from advances in parallel processing and data compression. 
